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PREFACE

As systems manager for the Urban Mass Transportation Adminis-
tration (UMTA) Rail System Supporting Technology Program, the
Transportation Systems Center (TSC) is conducting research and
development efforts directed toward the introduction of improved
technology in urban rail system applications. As part of this
program, TSC is conducting analytical and experimental studies
toward improved safety in urban rail systems. A specific goal in
this area of safety is to reduce the number of injuries that may
result from the collision of two trains.

On 30 June 1975, TSC contracted with IIT Research Institute
(IITRI) to perform this study to develop engineering methods and
data pertaining to improved technology in urban rail systems which
will lead to increased rail transit vehicle crashworthiness and
passenger injury minimization. This final report is submitted in
four volumes. Part 1 describes the results of Task 1 which is
concerned with the initial impact of two transit cars. The results
of Task 2 which is concerned with the primary collision of two
impacting transit car consists are described in Part 2. Part 3

describes the results of Tasks 3 and 4 of this study which are
concerned with prediction of passenger injury and guidelines for
evaluation of railcar designs. The final volume is a manual
containing a description of the organization and use of the IITRAIN
computer code which was developed as a tool to help meet the goals
of this contract.

Major IITRI contributors to the work covered in this report
include Edward E. Hahn, Arne H. Wiedermann, Anatole Longinow,
Robert W. Bruce and Steven C. Walgrave. The author takes this
opportunity to acknowledge the contributions to this report made by
Dr. A. Robert Raab, Mr. Samuel Polcari, Dr. Ming Chen, Mr. George
Neat and Mr. Ronald Madigan of the U.S. Department of Transporta-
tion, TSC, Cambridge, Massachusetts.
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1. INTRODUCTION

The collision of two consists of transit cars can be broken

into three separate, but interdependent, phenomena: initial impact,

primary collision, and secondary collision. Initial impact is con-

cerned with the mechanics of the initial impact of the leading cars

of two consists. The interaction of all of the cars and car compo-

nents of two impacting consists comprise the primary collision.

Secondary collisions include the interaction of passengers with the

car components, passengers with passengers and passengers with

other loose objects. This final report, submitted in four volumes,

describes the results of the IIT Research Institute (IITRI) program

which is concerned with the collision of transit car consists on

straight level track. Part 1 of the final report is concerned with

the initial impact of the leading cars of two consists. The results

of the study of the primary collision of two impacting consists are

given in Part 2, and Part 3 is concerned with secondary collisions

including the prediction of passenger injury and guidelines for

evaluation of new railcar designs. The final volume is a manual

containing a description of the organization and use of the IITRAIN

computer code which was developed as a tool to help meet the goals

of this contract.

1.1 Program Objectives

The program objectives, as taken from the contract, are

restated here.

Item la : Formulate an analytical model in two dimensions,

longitudinal and vertical, of the leading cars of two impacting

consists in sufficient detail to examine the mechanics of head-on

initial impact on straight track. This model will include the

distribution of mass in the cars as well as the nonlinear force-

deformation relationships existing among major structural subas-

semblages. Consideration will be given to the shapes and config-

urations of the impacting surfaces and to the forces generated by

1



the impact. The model shall be capable of establishing the criti-

cal parameters which govern whether the cars crush, displace

vertically and override, or crush with subsequent override.

Item lb : Utilize the above analytical model of initial impact

to assess impact controlling devices currently in service, such as

anticlimbers, couplers and draft gears of various designs. This

assessment shall uncover the critical parameters of such devices

which govern whether the cars crush, displace vertically and

override or crush with subsequent override. The contractor shall

develop recommendations concerning future directions of effort in

design of impact controlling devices which would be particularly

pertinent to crashworthiness goals.

Item 1c : Develop an experimental test plan for the evaluation

of the strength and effectiveness of future designs for impact

controlling devices. These tests are to assure that the forces

generated during impact do not produce structural failure of the

impact controlling device or vertical misalignment and override of

the car body. The test plan is to be sufficiently detailed so that

all equipment, fixtures, instrumentation and procedures are com-

pletely described.

Item 2a : Develop an analytical model in two dimensions,

longitudinal and vertical, of the primary collision of two

impacting consists of urban railcars of similar and different

configurations. This model will include the formulation of the

leading cars developed in Part 1 of this program, as well as the

distributions of mass and nonlinear force-deformation relationships

existing among major structural subassemblages. This model shall

be capable of determining the extent of crushing and/or override

suffered by the individual cars in the consists, as well as the time

histories of displacement, velocity, and acceleration in both the

longitudinal and vertical directions.

2



Item 2b : Develop methods for generating the dynamic force-

deformation relationships for structural subassemblages comprising

the critical modules of railcars. These methods shall include

finite-element analysis, scale modeling and full-scale testing

procedures including specifications for required testing equipment

and instrumentation. Utilize the finite-element analytical method

to generate the nonlinear force-deformation relationships among

major components of a typical urban railcar.

Item 3 : Develop the analytical methodology of passenger

injury due to secondary collision to include modes of injury due to

longitudinal, vertical, and pitching motions of the vehicles after

impact. This methodology shall be capable of considering the

location of the passenger prior to impact, his orientation (seated,

standing, facing forward, facing sideways, facing rearward), the

configuration of interior features of the cars, passengers' density,

and passenger restraint. This methodology shall also be capable of

determining the severity of the injury sustained by the passenger.

Item 4 : Utilize the results of Items 1 through 3 to develop

guidelines for the evaluation of proposed railcar designs, and

guidelines for the development of new railcars. These guidelines

are to be developed in parametric form, so that individual

parameters may be considered and the effects of specific values

assigned or computed for these parameters may be assessed. These

parameters are to include:

a - the number of cars in the consist

b - operational velocity ranges

c - dimensions and weights of each car

d - placement and dimensions of windows and doors

e - placement and weights of mechanical/electrical
equipment

f - interior configurations of passenger compartment

g - carbody force-deformation relationships between
major structural subassemblages

h - locations of carbody centers of gravity (c.g.)

3



1 . 2 Background

The task of developing an accurate computer simulation of a

head-on railcar crash poses many difficult problems due to the

complexity of the railcar interactions and the lack of information

on the mechanisms causing crush, override, or crush with subsequent

override. The effects of coupler motions, draft gear behavior,

sill flexibility, truck dynamics, braking action, rail flexibility,

c.g. locations, and initial conditions for the position of all com-

ponents must be accounted for in any realistic simulation. Many of

these factors which affect crash dynamics are highly nonlinear and

may also be very sensitive to small changes in the initial condi-

tions just prior to impact.

Some significant research in the area of railcar crash

dynamics has been conducted during the past few years. Boeing-

Vertol (Ref. 1) has conducted studies funded by DOT/TSC which

attempted to identify significant parameters affecting crashworthi-

ness of rail vehicles. Locomotives, freight cars, long distance

passenger cars, and urban transit cars were all considered and it

was concluded that, among these, crashworthiness of the urban

transit car was the area which offered the greatest probability of

reasonably immediate success.

Calspan (Ref. 2) also pursued research funded by DOT/TSC in

the urban railcar area. This research covered three broad catego-

ries: crashworthiness of urban railcars; state of the art crash

energy management devices for urban railcars; and parametric struc-

tural studies of urban railcars.

The RPI/AAR Railroad Tank Car and Safety Research and Test

Project included a preliminary study of computer simulation of

vertical motion during impact conducted by J. B. Raidt (Ref. 3)*

The objective of this study was "to investigate the existence of

relative vertical motions between cars and to determine the condi-

tions creating potential for coupler disengagement". The computer

model was validated against a test case where a loaded hopper car

impacted an empty hopper car, backed up by several loaded hopper

cars, at 10 mph. The measured horizontal and vertical impact

forces agreed reasonably well with the computer generated forces.

4



Washington University (Hohenemser, Diboll, Yin and Szabo) has

also developed a computer crash model (Ref. 4). The basic assump-

tions for this model are the same as for the Raidt model. The

motion is limited to the vertical plane, car bodies are assumed to

be rigid with springs representing underframe elasticity; trucks

are also rigid bodies, connected to the car body with vertical

springs. The entire analysis is linear except for hysteresis

losses in the draft gear, friction between lading and the car

bottom, and lifting of the car body from the draft gear.

None of the described models have been successful in simulat-

ing head-on railcar crashes at any significant speed, particularly

with respect to predictions of override. Some probable causes of

the lack of accuracy of present models in this respect include

assumptions of linearity, neglect of track elasticity, lack of

control of initial conditions (i.e., draft gear positions), insuf-

ficient detail in the local interaction of couplers and other

contacting appurtenances and accurate representation of the input

parameters for the model.

To solve or circumvent the many difficulties which arise in

the simulation of railcar crashes, IITRI chose a developmental

approach to the computer model formulation and implementation. For

the first stage of this development, simplified computer modules

were written to simulate each of the subcomponents associated with

the overall model. An executive program was also written to

control all calculations. This modular form of computer analysis

allows ease of modification of the analytical model. The use of

simplified, but realistic, subcomponent computer modules enables

the completion of a running computer program at an early stage in

the project.

This computer program was exercised to study railcar crash

dynamics and the computer results were analyzed critically to

determine which modules needed to be modified to successfully simu-

late a head-on crash. Modifications were carried out and the

resulting simulation further evaluated until a satisfactory simula-

tion was obtained.

5



2. IITRAIN COMPUTER CODE

2.1 Program Organization

A lumped mass approach to the model formulation was selected

but the procedure will allow finite elements to be used if

required, resulting in a "hybrid” formulation. The main program

modules and their corresponding functions are shown in Table 1.

Figure 1 is a control diagram showing the manner in which the

various modules interact.

2.2 Capabilities and Limitations

The IITRAIN computer code is designed to simulate a system of

m masses, connected by n elements, subjected to applied external

forces (and moments) specified as functions of time. Each of the

individual mass degrees of freedom can be constrained or given

specified initial conditions. At present, motions of the masses as

functions of time cannot be specified. Limitations of the number

of masses, m, and the number of elements, n, are only dependent on

FORTRAN dimension statements and the storage capability of the

computer being used.

The program is designed so that the user has his choice of

integration procedures. However, at present, the only option

available is simple Euler integration. Another option provided for

in the program organization is the capability of integrating the

equations of motion for different masses over different time

intervals

.

Both printed motion and force output are available. Displace-

ments, velocities and/or accelerations (linear and rotational) of

any number of points on any number of masses (limited by FORTRAN

dimension statements and computer storage limitations only) can be

called out. Also the internal forces and moments in any number of

connecting elements can be specified as output. No graphical

output is available but the capability of adding either printer-

plotter or Calcomp graphs is built into the code.

6



TABLE 1. PROGRAM MODULES

Name Function

EXEC Controls overall program

INPT Controls input and echo print of input

INIT Initializes program variables

INTG Controls integration scheme

EULR Euler integration subroutine

FINT Controls internal force calculation

FEXT Controls external force calculation

ACCL Computes accelerations

OUTP Controls Output

FNSH Terminates the calculations and
saves information required for
further processing of output

FIGURE 1. IITRAIN CONTROL DIAGRAM
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Interaction among masses is provided by connecting elements.

Commecting points on the masses are specified in a local coordinate

system with origin at the mass c.g. A single connecting element can

connect up to three masses at up to three connecting points per

mass. Figure 2 is a schematic showing a possible system of three

masses connected by a single element.

There are two general classifications of element types which

must be considered; deformable elements such as linear springs or

elastic-plastic beams and constraint elements such as pinned

joints. The internal forces in deformable elements can be

determined from the element properties and the state variables of

the masses to which it is attached while the constraint element

internal forces are determined from the kinematic relationships

expressing the constraint imposed between masses.

There are 21 connecting elements available in the IITRAIN

computer code. These elements are listed in Table 2. Element

types 6 through 10 in Table 2 are constraint elements while the

remaining are deformable elements.

2.3 IITRAIN Connecting Elements

Figures 3 through 23 show schematics of the 21 connecting

elements available in the IITRAIN code. The required data to

specify the mass connections of these elements as well as the

physical data required to describe the elements are included in

these figures.

8



Mass 2

Point 1

on Mass 2

FIGURE 2. SAMPLE CONNECTION AMONG MASSES
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TABLE 2 .—I ITRAIN ELEMENTS.

Type Description

1 Linear spring

2 Linear dashpot

3 Torsional spring

4 Torsional dashpot

5 Elastic-plastic beam

6 Pin joint

7 Slider joint

8 Sliding pin joint

9 Double slider joint

10 Rigid joint

11 Type 1 coupling

12 Type 2 coupling

13 Type 3 draft gear

14 Type 3 coupler end element

15 Type 1 anticlimber

16 Nonlinear torsional spring

18 Wheel-rail interaction

19 Nonlinear spring

20 Nonlinear dashpot

21 Special linear spring

22 Tapered beam element

10



Element Type 1 Linear Spring

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

spring constant

free length

fracture load

damping constant

FIGURE 3. ELEMENT TYPE 1

11



Element Type 2 Linear Dashpot

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

damping constant

FIGURE 4. ELEMENT TYPE 2

12



Element Type 3 Torsional Spring

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

torsional spring constant

effective free angle length
of spring modulus 360 degrees

FIGURE 5. ELEMENT TYPE 3

13



Element Type 4 Torsional Dashpot

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

torsional dashpot constant

FIGURE 6. ELEMENT TYPE 4

\
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Element Type 5 Elastic-Plastic Beam

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

elastic modulus

plastic modulus

yield point stress

ultimate stress

number of rectangles
defining cross section

widths of rectangles

number of divisions
of rectangles for
numerical integration
of stresses

axial damping constant

heights of rectangles shear damping constant

angular damping constant

FIGURE 7. ELEMENT TYPE 5
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Mass k Mass 1

\

Point n on Mass 1 '

\

I

Element Type 6 Pin Joint

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

friction parameter
(uR)

FIGURE 8. ELEMENT TYPE 6
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Element Type 7 Slider Joint

Connects slider centered at point m on mass k

to slide having centerline passing through

point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

slider angle specified by local 0 coordinate

slide angle specified by local 9 coordinate

Element Physical Properties

slider length

slider width

coefficient of friction

FIGURE 9. ELEMENT TYPE 7
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Mass 1 \

'

Point n
on Mass 1

Element Type 8 Sliding Pin Joint

Connects pin at point m on mass k to slide having

centerline passing through point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

slide angle specified by local 9 coordinate

Element Physical Properties

coefficient of friction

FIGURE 10. ELEMENT TYPE 8
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Element Type 9 Double Slider Joint

Connects' slide on mass k having centerline passing

through point m to slide on mass 1 having centerline

passing through point n

m specified by local x and y coordinates

n specified by local x and y coordinates

slide angles specified by local 9 coordinates

Element Physical Properties

slider length, x motion
slider width, x motion
coefficient of friction, x motion
slider length, y motion
slider width, y motion
coefficient of friction, y motion

FIGURE 11. ELEMENT TYPE 9

19



Mass 1

Point n
on Mass

Element Type 10 Rigid Joint

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

none required

FIGURE 12. ELEMENT TYPE 10

20



Element Type 11 Type 1 Coupling

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

draft gear spring constant, end k
draft gear spring travel, end k
car underframe spring constant, end k
draft gear hysteresis load, end k
vertical coupler spring constant, end k
vertical coupler slack, end k
free length, end k
coupler height, end k
draft gear spring constant, end 1

draft gear spring travel, end 1

car underframe spring constant, end 1

draft gear hysteresis load, end 1

vertical coupler spring constant, end 1

vertical coupler slack, end 1

free length, end 1

coupler height, end 1

coefficient of friction
total coupler horizontal slack
initial coupler misalignment

FIGURE 13. ELEMENT TYPE 11
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Element Type 12 Type 2 Coupling

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

draft gear spring constant, end k
draft gear spring travel, end k
car underframe spring constant, end k
draft ,gear hysteresis load, end k
vertical coupler spring constant, end k
vertical coupler slack, end k
free length, end k
coupler height, end. k
draft gear spring constant, end 1

draft gear spring travel, end 1

car underframe spring constant, end 1

draft gear hysteresis load, end 1

vertical coupler spring constant, end 1

vertical coupler slack, end 1

free length, end 1

coupler height, end 1

coefficient of friction
vertical shear force

FIGURE 14. ELEMENT TYPE 12
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Element Type 13 Type 3 Draft Gear

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

draft gear spring constant
draft gear spring travel
spring constant after bottoming
draft gear hysteresis load
shear pin fracture load
postshear free travel
fracture load
drag load

FIGURE 15. ELEMENT TYPE 13
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Element Type 14 Type 3 Coupler End Element

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

coupler direction specified by local 9 coordinates

Element Physical Properties

vertical coupler
spring constant,
end k

horizontal coupler
spring constant,
end k

free length, end k

coupler height,
end k

vertical coupler
slack, end k

vertical coupler
spring constant,
end 1

FIGURE 16.

horizontal coupler
spring constant,
end 1

free length, end 1

vertical coupler

slack, end 1

coefficient of
friction

total coupler
horizontal slack

initial coupler
misalignment

ELEMENT TYPE 14
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Element Type 15 Anticlimber

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

anticlimber direction specified by local 9 coordinates

Element Physical Properties

vertical, horizontal and torsional elastic spring
constants, ends k and 1

vertical, horizontal and torsional plastic spring
constants, ends k and 1

vertical, horizontal and torsional yield deflections,
ends k and 1

vertical, horizontal and torsional rupture deflections,
ends k and 1

anticlimber height, ends k and 1

anticlimber length, ends k and 1

initial anticlimber misalignment

FIGURE 17. ELEMENT TYPE 15
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Element Type 16 Nonlinear Torsional Spring

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

Extensional spring constant,
than 9^

Extensional spring constant,
than 02 but greater than 9^

Compressive spring constant,
than 9

^

Compressive spring constant,
than 9^ but greater than 9^

deflection less

deflection less

compression less

compression less

®4
Free length modulus 360 degrees

FIGURE 18. ELEMENT TYPE 16
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Element Type 18 Wheel-Rail Interaction

Connects point m on mass k to the rail

m specified by local x and y coordinates

Element Physical Properties

spring constants

damping constant

effective coefficient of friction

wheel radius

y rail intercept

rail angle

FIGURE 19. ELEMENT TYPE 18



Element Type 19 Nonlinear Spring

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

spring rate, compression, deflection less than S
c

spring rate, compression, deflection greater than 5
q

spring rate, tension, deflection less than 6
t

spring rate, tension, deflection greater than 6

free length

damping constant

FIGURE 20. ELEMENT TYPE 19
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Element Type 20 Nonlinear Dashpot

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

damping constant compressive velocity less than V
c

damping constant, compressive velocity greater than V
c

damping constant, extension velocity less than V
t

damping constant, extension velocity greater than V

V
c

v
t

FIGURE 21. ELEMENT TYPE 20
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Element Type 21 Special Nonlinear Spring
(Compression Only)

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

compressive spring
constant, compression preload at zero
less than 6 deflection

c

compressive spring
constant, compression
greater than 6

c

6
c

compressive fracture
load

free length

FIGURE 22. ELEMENT TYPE 21
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Element Type 22 Elastic Plastic Tapered Beam

Connects point m on mass k to point n on mass 1

m specified by local x and y coordinates

n specified by local x and y coordinates

Element Physical Properties

elastic modulus

plastic modulus

yield point stress

ultimate stress

height of cross section,
end k

width of cross section,
end k

height of cross section,
end 1

width of cross section,
end 1

number of line division
of cross section for
stress-force calculations

x damping constant

y damping constant

angular damping constant

FIGURE 23. ELEMENT TYPE 22
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3. IITRAIN INPUT AND OUTPUT FORMAT

Table 3 contains a complete description of the input required

to execute the IITRAIN computer code. The output from IITRAIN is

self-explanatory. The computer program is written in such a manner

that the pound-inch-second system of units must be used for all

input and output data. For this reason all units in this manual are

given in this system.
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o oX X
0) o
X £ x
CO 4—) CTj

o £
•G G G
Tl h O
C-H1HX 3

cr g
to a) >

•rl M tfl

X
a, co

3 X I-I

O CH
J—I CL) -i—

I

bOE £
g

'd H CO

G g x
g g
g g g

£ o
CO O
•H CO 1)

x co

X a)

• X
4-1 XEh
O 3

O
X G •

G bO co

0) G
co a)

G -H X
X X G
H W £
>
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Card

No,

of

Program

Group

Cards

Columns

Format

Name

Units

Description

o
o
MD 4-1

bO CO o
C <4-4 CL
•H 0) O CO -G
5-4 CD ^ CO

cu 5-4 -G i—

i

cd

CO <4-1 4-) 3 "O T3 T3
b£)T3 ai 0)

co r—

4

<D C O CO p—

4

CO LO
cd 4-1 > 0) £ q cd 4-> q

0) C q •H i—

1

<D G c 0)

P-4 o cd 4J bO 4-4 Cl O cd 4J P4
>, •H 4-) o <d q O •r4 4-1 O to
H CO co <D i—4 *H C H CO CO c H

5-4 G <4-4 bO 5-4 5-1 c
4-> O O 4-ica /~v 4-> o o /—

\

-P
c 4-1 o ai cd co CO c u O C
CD CD - <D

e II II 04 a II o. 6
0) Q a) Q CD

r—

1

M r—

1

M r-H

w CO CO w <! •* w
- - - CT\

0-4 o 04
Q H4 o a o
H-i Q 4-J M 4-1

r-4 CN CO i—4 CN

04 04 04 04 04
o 04 04 04 o,

co

3
r—

I

”0
o
a

o
•H
4J
CO

cd

CD

II

m
O.
Qw

tu
O4

co

co

CD
q g

a
TJ O

CO CO
O bO •H CD 4-1

5-4 •h q 4J 5-1 -Li

q 4-> co 4_> *H CJ <4-4 CD Or—

1

CO CD a q CD O i-O rOq 5-4 CD *H CO c
T3 4-! 4-1 CO <4-4 4-i q oO G CO CD CO rC 0 4-1

6 •H
<D

<4-4 T) co bOi—

l

o O o •H CO CL
CJ (O 4-)

cd

6

* 5-i <d q q o•H
4J T3

q co

(D Xt
CJ -G 0 0 4-1

CO

cd

r-4

CD

•H
4J

-Q O
g o

a
cd

1 4J 4-1 g
a cj o

1
—

1 •H r—

i

q r-4 CD r-KD CD 5-4
0-» bo q c .n rO -G CO CO »4-i

II II ii II
II

/^S /^N /Nm m in m m
04 04 04 04 04

QQ Q Q QM M w H 1—4

CN CO <! m vON-/ v—

'

04 o. O. 04 04
0404 04 04 04

O

II

T3
cd

5-i

bO
<u

'O

T3
cd

u

a •1-4 •r4 •r4 •H
<D CO CO CO CO

CO CL a a a

q
•r-f

c
•H
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Card

No.

of

Program

Group

Cards

Columns

Format

Name

Units

Description

* os c /-N c
•U O CO P P2 o
42 i X3 G a P C a •p
MO CO C co O QJ 0) cd p
•H 1 CO cd -P T-l p p p o
a CO a P 42 MH co P •p
42 co P C CO 0) O -P Cd c a p

O P O -pa 4-) P o p MH
r—1 p CO *P N dj to MN C S2 a a
cd u p X3 42 C r—

1

cd cd E MH
M-l G P ro C M-l P i—4 *P a P p MO M2 cd r-» 42 o
O CTMh O i—l

cd O 1-1 G 4-1 co CO c P P 42a O MH 23 M-i cd m-4 cd 12 C •H a cd X) a MO p p X
CJ /*\ M Tl cd *h O O a a a a a G X G a

*U rH M-l CO i—l r-l in 4J r-i 6 x3 a a E to co Jo a •H a CO
O C cd - cd c *ri a a cd EH G G EH rH •H G

'rj C O C o pl, a o 4J p g MO MO X> O a
^ o P *P O Q CL-r4 (2 g C2 G p •H p p p p •p 4->

•H D CO *P D m a p G a -p •P •H p c P o G a a MH o
1 4-J 42 -P 4J O -pa .(2 a a cd a a G a XI T

3

mh c
CJ E > CJ p O a T3 E-I 5 • E £ T—

1

E •H £ •p •p a
t-H <D G *P a O i-H a co a o C cd cd 23 a P a rP ,—

H

o rv
3 CO C X3 CO Mn ^ P G r—4 o X T3 MO rH mh M2 rH CO CO a

Pm Cd -a (2 • 1-1 -P C w - w •>

II II Ph S2 -P X) O 4-J X to cd II a II II ii a
\ o 4-j a mh a Q Q

-'-sun a c -Q a \ /-\ /'-S w /N —s M
LO LO lo - a o *h co co cn LO LO M2 r-- r-. -

** -a co a p p - - - - ci - - - (Ti
CH P-l Pm q a a p Ph Ph Ph a a a ao q h a co co p co Q Q Q Q o Q Q Q oM M m -42 *p a a cd W i-l 1—4 M p M M m 4J

•* ** -a p -a g rH - - - - - - A
oo i—4 CO cd rH CM i

—
1 CM CO

S-/ p *h a p a >—

'

'w' v V-/ V
Ph Ph Ph O 42 P cd 42 Ph Ph Ph a a a a a a
Ph Ph PM M-4 Eh cd aP Ph Ph PL, a a a a a a

•

. . X • •

c G G cd e G
•H •P •P P •H •H

a a a
a a a
CO CO CO

42 42 42
i—4 t-H rH

G
•H

41

Note:
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of
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of

Divisions



Card

No.

of

Program

Group

Cards

Columns

Format

Name

Units

Description

o c
•H •1—

4-1 - 4-

<4-4 - <4-4 O -C <4-4 C
O •* O g 4-1 - o E

00 ON 4J -G oo -C
4-> G bO 4-1 4-> X c 4-1 4-1 G

0) C 01 ai G G G 0) G G 01 o
a QJ co Cl 0) •1-4 (U - r—

4

•r4 ai - CO i—4

s*. •>-1 G G r-4 G C •H C C C •h e G
Eh O O H O O O O - O o a c aj

•H *r4 4J U •H Cl •r4 •H •H Cl •r-4 C •r-4 •H »|- 4-1 a
4-1 <4-1 4-1 o 4-1 01 4-1 ai 4-1 <4-4 4-1 a> 4-1 ai 4-1 M-4 4- O >N
G <4-1 O G G G o G O <4-4 O G O G o <4-4 O G Eh
0) <U -r4 ai •H e •H B (I) -H •r4 E •H B 01 •!-

E O Jh —

\

e r—

4

i—

1

O Ch i—4 r-4 O C 4-1

0) a mh 00 a) CO x CO O <4-4 CO >N co O <4H ON G
t—

H

rH - 0)

W II p w II II II II II II P 6Q Q 0)

/-s M *“

\

,h“\ /-n M r—

1

00 - ON ON ON ON ON ON - w
- ON - - - « - - O'
p PH Ph Ph Ph Ph Ph
Q o Q Q Q Q Q Q o
M 4-1 M M M M M M 4-1

- - — - - — •L

r**4 CN r—

1

CN cn <n nO n*W V 'w<’ 'w' V—H V—

'

P P Ph Ph Ph Ph Ph Ph p
P P-i PH Ph Ph Ph Ph Ph p

G
•H

G C
•H *H

G C
•H ®rl

42

no

data

required



c
o
•ft

4-1

P
•H
x
o
co

<3

P

bO bO bO b£)

C C •«* x - X c £ *

•H p •H •U 73 (3 4J <3 •v •rH rH •rH 4-1

5-4 !h <3 C CO r-H C r-H 4-1 X X C3 e
PXJ p,*j B CO o PX CO cx P PX) Dh t—

1

B cO

co c CO CO 4-1 r-H 3) 4-1 P 3*5 bO co 3: CO co 4->

<u XJ X CO O co O p •rH <3 X> X CO

X 5-( C <4-1 C X CO 6 C CJ 73 4J (3 X X c <4H c
rH co •* cO cu X O ctf vH O C bO P cO - cO <3 X O
rH 01 4-1 cu 0) o <3 co rX O rH Qj c (3 X 0) <3 o

bO C bO •» X) bo a) cO cO <3 X bO £ bO * X>
0) cO r-H c bO x O bJ3 a * rH <3 cO rH £ bOP 4-1 4J 4J <D (3^4-10)^; H •x 3*: r-H 4-1 4J 4-1 (3 P C rH
>N 4h co mh > •H 14-1 X 4-1 -X 4-j a (3 PX <x co <4H > •rH

EH cO £ CO cO X X X) CO CO 73 X XT3 x co <3 X) X 73 CO £ cO cO X X XD
5-1 O 5-i X cO ac x C <3 a c <3 rH X C O C X O X X cO P C

4J
r

i

T3 a XJ 4-1 a co <3 73 xi a> > co <3 > CO <4H <3 o ai 73 a 73 4-1 o co <3

a) II II li 11 II II II II II II II

E /N
(3 /^N /-s /*% “S rH rH
r—

1

t—

1

rH r—

1

T—

1

t-H rH rH rH rH rH rH
w rH rH rH r-H rH rH rH i—

1

rH - -

* •V • •V p pP p PX PX PX PX PX PX p p pP p P P P p p p p IX wM M M M M M M M W •

o rH
rH CNJ CO <f CO vO r- CO av rH rH
'w' 'w' Sx' 'w' V-/ 'w' '—
(X, P PX PX PX PX PX p p p p
fX fX PX PX PX PX PX p p p p

c
•H

c
•X

CO <3

5-t 6
bO cd

O S
5-i

P

4-1

CO

O
P

CO

C

oo

<4H

O co

T3
• 5-4

O co

Z CJ

a
73 3
X O
CO 5-1

o o
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Card

No.

of

Program

Group

Cards

Columns

Format

Name

Units

Description

00 b0
5-1 -

5m P* P C
'O 05 4J 05 - O U •H X •H
CO i—i Cl T—

i

M CM cd 05 u 5m 0)

O Cu cd a x: O 5m rM rH CuTd CU^5 e
t—

1

P 4J P r-l - b0 05 co CUM CD P co cd

O CO o Jd •H M tM 3 P 05 X) 5m

}m w O C O Td M 05 C P-rM O 05 5m 5m p cm
cd i—

1

O C bO rfi 05 0 cd o a CM co - CO 05 5m

05 co i—

1

o iM 05 P *H C O 4J p iM 05 M 05 05

bO 05 cO cd <U 5m O O a p tM b0 bfl C b£) - Td
5m O bO a « T—

1

05 •M *H o cd t-l 05 cd t—

l

P
•H P i—l •H ^ r—

1

tM t—

1

CM 4J rM N •H t—

1

CL M M M5 05 d
CM M M -H M O 05 CM 4M O CO -H M cd >1 CM CO CM >
cd co Td 5-4 5m T3 5-i <0 05 Td P Td 05 *M 4-> Sm •r-l CO E-M co c cd cd 5m

5m >•> P 0) PL, C d) r-l }-i P o p O 5m O O C *M 5m O 5m U cd

Td 05 > CO 0) > co cm 05 O 05 O CM 4J rC •h a M Td o Td M a

II II
II II II II II II

C
05 II II ll

yv y—

S

y“S y—

N

y~N y—

s

a
r—

1

<M 1—1 tM tM rM tM tM 05 /-S y—

\

y-s
r—

1

tM T—

<

tM tM I—

1

tM tM r-M CM CM CM
« - - - « - - W r—

1

rM rM
Pm Pm PM Pm PM PM Pm Pm - - -

Q Q Q Q Q O Q Q PU Pm PmH H M IM IM M IM IM Q Q a
« ~ «. - . - - - M IM IM

<N CO in lO r-- oo CTn - -

i—

1

rM tM tM iM t—

1

tM tM t—

1

CM co
s-y N_y s—

y

y v—y "w' VwT

p-l PM PM Pm PM Pm Pm PM P-« PM PM
PM PM PM P-l PM PM Pm PM Ph PM PM

c P
c •H P •H

-Q •H • • • . • •H
iM P p p P P rO

rO
p—

j

•H •H •M •H •M rH T—

1

44

spring

constant,

end
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Card

No.

of

Program

Group

Cards

Columns

Format

Name

Units

Description

to 00
- u - U C a - - 5m -

-o cu 4-j cu - 1—

1

•H 4-) nd CU 4-)

cd i—
I c rH 4J 5m 5m <U C cd id

O Cu cd 0- r-| a-o DjI—

1

e cd o p., cd
i
—

I d 4-J p> ^ - to co jd CO cd 4-) i—i d mj

O CO o jd •H CL) Td 5m co O co
54 CO cj C o 'd 4J oj 5-i 5m id 4M id 5m CO o C
CQ *lM o c 00 rZ cd - cd cu 54 O Cd *r4 o
CU CO r—1 CJ I-I <u C <U 4J CL) cu cj CU CO i—1 o
00 cd cd a) 5-1 to c 00 - Td oo <u cd

5m a oo cj - T—

4

0) cd i-M id to 5m o 00
4-J CU JsJ •H id ^ •H ^ r-4 ^ 4J 4-1 4-) CL) d) C r-4 4_) a) i

—

i •H C
4M 4-1 4-1 -r4 4-1 O 0) a 4-4 CO 4M > •rH 4M 4J 4-J -H
cd co "0 U U'V u cd cj Td d ra cd id cd cd 54 5m Td Cd CO T3 5m 5m
5M d a> a, c CL) r—

1

Jm id o c 5m O 54 54 Cd Dm id u >> id <u a
^d jd a) > co ai > CO 4-i cu o cu Td o T3 4J cj co cu Td jd <u > co

li
li II n II li II ll ll II

\ /—

N

/—

\

/^S—

s

/—

N

/—v /—

S

/—> CM CM CM CN
CM CSI CM CM CM CM r-4 r—

1

rM T—

1

r-4 rM i—4 i—

1

i
—

1 1 1
- - -

“ - - - - Pm Pm Pm Pm
Pm Pm Pm Pm Pm PM Q Q Q QQ O Q o Q Q hM W l—l 1-4W M W M M W - - -
* - - « - o i—4 CM CO

<t in *sO c- 00 O' r-4 r-4 i—4 r-4
v-' V V- v_^ -w- •w" v—

'

Sw' ' S-/
Pm Pm PM Pm Pm PM Pm Pm Pm Pm
Pm Pm Pm Pm Pm Pm CLm Pm Pm Pm

U
<u

—I

o.

d
•H

45

end

1

in.

PP

(14,

IDP

,

12)=

vertical

cou

slack,

end

1



Card

No.

of

Program

Group

Cards

Columns

Format

Name

Units

Description

CO

•r4

CO

0) <U

bO bO G G
G C G <U G
•H •H 4-J Cd 4-J X 0)

x 4-1 u G C <u CO O <u

X O g cu a cd bo 4-j to cd G
«* bO cd CO co X G X G 44
X •H 4-> cu CO 4J o 44
4-J 0) c X G G G 4-4 G G
00 X QJ co co cd cd O cd bO cd C cd

G •H G r—l 0) X 0) O G C a> •H cu

0) g O O G HO G bO T) -r-4 bO a X
r—

1

cu •H *H <U 0) cd r—l bO g CO 1-4

r—

^

t-H rH 4-1 4J r—l 4-J P- X 4J 4J CU C G O 4-) G 1 cu

CU cu 4-1 O CL *1-4 >1 4-1 CO 4-4 > •rl <U X 4-4 -O cd x x >
0) "G G T3 0) -H G g H cd C cd cd G 4J X cd cd cu cd co cd

G G O G O G O -H G O G G 0.44 O G O X o O G
4-4 <U o <u U 4-1 O 1-1 4-1 T3 a T3 4J co cd xi T3 i-4 CO rH CU X

G
II II II II <u ii II II II II II

/•“X ~s /—

V

r—

\

£
CM CM CM CM <u x—

\

/•“s /—

\

/—v \ /—V
r—l r—l 1—4 i—l i

—
i CO co co CO CO co

- - - - w 1—1 i—l i—l r—l i—l I—l

Pi Pi P< Pi - - - - - -

Q Q Q Q cu Pi Pi Pi Pi PiM i—

i

M M Q o a a Q Q
« « - - M M M w M M
m X CO « - « - «

r—l r—l i—

i

t—

1

i—l CM co m X
' ' 'w' V
Pi P-t Pi Pi Pi CU CU pi Pi Pi
Pi Pi Pi cu Pi cu cu cu Pi Pi

c C
G c C X •H G •H X X G
•tH •H •i—i r—J •r4 i—4 r—l •r4

x x

i
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PP(7,IDP,13)

=

fracture

load

PP

(8
,

IDP

,

13)

=

drag

load

'



Card

No.

of

Program

Group

Cards

Columns

Format

Name

Units

Description

U Pd 5-4 i—i 5-i

a> a) a)

u - r—

1

03 5-i 5-i - r—

1

•> 03 rH * Pd
OJ 4-J P-P C - a) a) 4-i p-p S3 - 0,4-4 o u

r-l p P c 0) 4-1 r—

1

i—4 C P (3 <u 4J P 13 4-4 cd QJ

a oj O cd P SP P 03 o 03 P o cd O 5-1 r-4 tH
3 -u a 4-) - b£ 3S Pd 3 JJ o P - bO CJ 4-1 QJ CO P-P
O CO CO P3 •rl O O co co 43 •H CO P r—4 P t3

o c r-l (3 P QJ O T3 o S3 i—4 53 P a) r-l p 13 Prl o oj

o Cd O bO P3 C O 03 O b0 P cd o a) P ct o B
i-i a 4-> o 53 r-l QJ r-l O 4-1 o e 4J O •H c O 4-1 53

-cf cd p OJ 5-4 cd 03 53 a) U S3 o o o 53 r—4 bO
I—l O bO o bO r-l QJ O - O b0 O bO rH a> O bO •rl *rl O 03 -r-4

•H S3 Pd N S3 Pd r-4 Pd •H 4d •rl C rl N P r-4 rH pH N S3 r-4 4-1 P r-4 N •rl r—4

QJ •P -rl •rl •H a) a 4-J O 4-> *rl •rl •H qj a •rl *H 4-1 O cd *rl 4J 03

o. P 5-4 03 5-4 5-i T3 qj P 'P P 03 }-« 5-4 TD !-i 5-i 03 03 p 03 5-4 5-4 03 QJ *H P 5-4 •rl CO

tn qj a e O a c 5-4 o S3 QJ i—l (1) PC O a P 5-4 o 3 O a 13 O U O C p "H
H > co qj 43 cn a) <4-4 o QJ > co > CO QJ P co a) 44-4 a a) p co QJ O 4-4 P P •rl B

4-) ii II II II II II II II II II II II II

S3 /—

\

/—

s

V

QJ rs /-v /—

N

/—

s

/—•, n. /-N <! <3"

s <3- <r r-l I—l i—

1

i—4

oj r-l r—

1

r-l I—l 1 1 i—4 i—4 r-4 r—i - - -

i—

4

• - * - •> - - — Pi Pi Pi Pi
w P

1

Pi Pi Pi Pi Pi Pi Pi Q p P P
Q P Q P p P P P p M M w WM M M M M M M M M - - «. -

•> - - - • - - O i—l CN cn
r—

1

CN cn LO vO r- 00 CTn i—l i—l rH i—

i

v-' •w •>- v-/ v-/ •—

'

cn P Pi P Pi P Pi Pi Pi Pi Pi Pi P
P-. Pi Pi Pi P Pi Pi Pi Pi Pi Pi Pi P

c c • 53 S3
•H •rl 53 53 53 •rl •r-l S3 S3* S3* p (3

•rl i-l •H •rl •rl •rl •H •rl

rO P P

47



Pd o o
a - o - p P •p - •p -

•P 4-) •H 4J p Pi! O X 4J 4-4 4-4 44
4-4 P 4-> P -p P bO bO •P P CO p co p
co cd CO P r-4 4J P TO P TO 4-> P P P P P
Cd 4-1 P 4-> P a •H p •P P a rP 4-4 iP 4J
r-4 CO r—

1

CO •P - p - p p P P p - P CO a co

0) P a P On P p p !—
i a rP a rP fp rP P P P

LO o o O o P CO - P co * P <4H P O iP o >P o
i—

i

r—

1

CJ i

—

1 o rP *P rP *P 4-> 4-4 4J 4-4 4-> P 4-1 •P P o p p
p P p p 4-> P 4-4 P o P pop P TO P P 4-4 p p
o p a tvo O b£) P P o a O -P P O -P P O o P P O bo O bo
•P p. •H P ^ •P P Pc! •P P Pc! •P P Pc! N 4-> 4-4 N 4-4 4-4 N TO Pd N P P •P P Pc! •P P Ps!
4-> >, 4-J -P 4-) -P 4J i—

1

4-1 >P •P CO CO •P CO CO •P iP •P 4J rH co *P co -Pa H p 5-1 TO P P T3 PPP PP P p p P P P P p PP P PP P PP P P TO
•H a) a P pap P P P P P p O i”4 O OH O O -P p O P P o a P o a P
!-i 4J > co fl) > CO flJ >P P > TO p ,P P P x a a X On P X p TO 4-4 CO P 4-4 CO P
a p
co p II II II II II ii 11 II

II II

P £ /-vQ p /*s N /—S “N —

\

/-

—

s m
r-4 m in m m m m in m in tP
w r—

1

f"l rP !—

1

>P rP ip rP rP -
•* •> - - - - - - « Ph

P-l Ph Ph P-i a a Ph P< Ph q
O g q Q Q Q Q Q G IP
M M w M m m IP P4 IP -

a - *» - « « - o
t-H CM cn m \o r-- CO CTi rP
•w/ 'w'' S-' n—

'

s_^ '—

>

cu Ph Ph Ph a Ph Ph Ph a a
P-1 Ph a Ph Ph Ph Ph Ph a Ph

co

j-i

•P
p
p>

p
•H

p
•H

p
•H p

•H
p

•r-t

TO
P
P

p
•P

'O
P
5-i

l

P
•P

£
p p
P 6
bC P
O Z
5-i

Ph

4

-

>

cd

e

5-

i

O

OU

bn co

O TO
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4. SAMPLE PROBLEM

To illustrate the use of the IITRAIN computer code a sample

problem is given. A four-car unloaded transit car consist moving

at 20 mph is assumed to crash into a standing, loaded two-car

consist. A schematic of the two consists and the model used for the

computer simulation is shown in Figure 24. Some of the versatility

of the IITRAIN code is shown in the various degrees of complexity

chosen for the models of the various cars in the two consists. The

striking cars, cars 1 and 5, are modeled with nine masses and 26

connecting elements each. Five masses and 18 elements are used for

car 2 while only three masses and 14 elements model car 6. Finally

cars 3 and 4 are simply modeled with a single mass and two elements

each. Interaction between the cars is provided with two elements

for each set of adjacent cars.

Inertia data for the various masses comprising the model are

given in Table 4 along with the initial positions of the masses.

Table 5 contains the connection point data for the 102 connecting

elements. The physical properties of the various connecting

elements are presented in Table 6. A listing of the IITRAIN data

deck is given in Table 7 and the IITRAIN computer output is con-

tained in Table 8. The reader is referred to Parts 1 and 2 of this

final report for interpretation of computer results.
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TABLE 4 .—MASS DATA

Description Mass
Weight
(lb)

Inertia
2

(lb-sec -inch)

Global*
X-Position

(inch)

Global*
Y-Position

(inch)

Car 1

Coupler end mass 1 75 60 8.350 31.600

Draft gear yoke mass 2 90 70 25.400 31.600

Draft gear housing mass 3 150 100 40.000 31.600

Front car end mass 4 5,595 3,000 42.500 58.400

Front mass over body
bolster 5 2,230 2,000 - 109.880 80.000

Front truck assembly
mass 6 12,700 44,200 - 110.510 18.000

Center body mass 7 20,350 1,158,100 - 415.880 66.800

Rear body mass 8 7,825 29,750 - 775.063 64.556

Rear truck assembly
mass 9 12,700 44,200 - 721.250 18.000

Car 2

Front body mass 10 7,825 29,750 - 888.437 64.556

Front truck assembly
mass 11 12,700 44,200 - 942.260 18.000

Center body mass 12 20,350 1,158,100 -1,247.630 66.800

Rear body mass 13 7,825 29,750 -1,606.813 64.556

Rear truck assembly
mass 14 12,700 44,200 -1,553.000 18.000

Car 3

Car mass 15 61,400 7,310,826 -2,079.380 46.040

Car 4

Car Mass 16 61,400 7,310,826 -2,911.130 46.040

it

Global positions are measured from rail level and from the initial position
of the impacting coupler faces.
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TABLE 4 (Concluded)

Description Mass
Weight
(lb)

Inertia
2

(lb-sec -inch)

Global*
X-Position

(inch)

Global*
Y-Position

(inch)

Car 5

Coupler end mass 17 75 60 8.350 31.600

Draft gear yoke mass 18 90 70 25.400 31.600

Draft gear housing
mass 19 150 100 40.000 31.600

Front car end mass 20 6,180 4,000 44.250 59.670

Front mass over body
bolster 21 3,230 3,000 109.880 77.480

Front truck assembly
mass 22 12,700 44,200 110.510 18.000

Center body mass 23 47,923 253,200 415.880 69.710

Rear body mass 24 9,408 35,000 773.500 65.790

Rear truck assembly
mass 25 12,700 44,200 721.250 18.000

Car 6

Car body mass 26 66,739 8,856,844 1,247.630 68.600

Front truck assembly
mass 27 12,700 44,200 942.260 18.000

Rear truck assembly
mass 28 12,700 44,200 1,553.000 18.000
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TABLE 5. - CONNECTION POINT DATA.

Connection Description Element Type

Car 1

Local*
X-Position

(inch)

Local*
Y-Position

(inch)

• Mass 1 - Coupler End Mass

Coupling between coupler
faces 1 Coupler end 7.350 0.000

Pin between coupler end
and draft gear yoke 2 Pin joint - 8.700 0.000

Coupler leveler spring 3 Special spring
(Type 1)

- 8.150 - 6.300

Interference between
coupler end and underside
of end sill 4 Special spring 8.000 5.800

• Mass 2 - Draft Gear Yoke
Mass

(Type 2)

Pin between coupler end
and draft gear yoke 2 Pin joint 8.350 0.000

Coupler leveler spring 3 Special spring
(Type 1)

7.650 - 6.300

Draft gear connection 5 Draft gear (Type 1) 0.000 0.000

6 Slider joint 0.000 0.000

• Mass 3 - Draft Gear
Housing Mass

Draft gear connection 5 Draft gear (Type 1) 0.000 0.000

6 Slider joint 0.000 0.000

Rail slider connection
to end sill 7 Nonlinear spring 18.000 5.300

Draw bar and draft pocket
assembly connection to
car body 8 Tapered beam 0.000 0.000

• Mass 4 - Front Car End Mass

Draw bar and draft pocket
assembly connection to

car body 8 Tapered beam -17.500 -26.800

Rail slider connection
to end sill 7 Nonlinear spring

(Type 1)

20.500 -18.500

Interference between
coupler end and underside
of end sill 4 Special spring 40.600 -10.400

(Type 2)

Angle
(deg)

0 .
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TABLE 5 (Continued)

CONNECTION POINT DATA

Local* Local*

Connection Description Element Type X-Position Y-Position Angle

(inch) (inch) (deg)

End sill/anticlimber 9 Anticlimber -17.500 -11.900

Roof sill beam 10 Beam (Type 1) 0.000 86.600

Side sill beam 11 Beam (Type 2) 0.000 -14.800

Draft sill beam 12 Beam (Type 3) -17.500 -14.800

Mass 5 - Front Mass over
Body Bolster

Roof sill beam 10 Beam (Type 1) 0.000 65.000

Roof sill beam 13 Beam (Type 1) 0.000 65.000

Side sill beam 11 Beam (Type 2) 0.000 -36.400

Side sill beam 14 Beam (Type 2) 0.000 -36.400

Draft sill beam 12 Beam (Type 3) 0.000 -36.400

Suspension attachment
at bolster 15 Linear spring 0.000 -34.000

16 Nonlinear spring
(Type 2)

17 Nonlinear spring
(Type 3)

18 Nonlinear dashpot

Mass 6 - Front Truck
Assembly Mass

Suspension attachment
at bolster 15 Linear spring 0.630 12.750

16 Nonlinear spring
(Type 2)

17 Nonlinear spring
(Type 3)

18 Nonlinear dashpot

Truck anchor connection 19 Nonlinear spring
(Type 4)

-20.370 0.000

Front wheel-rail inter-
action 20 Wheel-rail (Type 1) 41.630 -4 . 000

Rear wheel-rail inter-
action 21 Wheel-rail (Type 1) -40.370 -4.000

Mass 7 - Center Body Mass

Roof sill beam 13 Beam (Type 1) 0.000 78.200

22 Beam (Type 1) 0.000 78.200
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CONNECTION POINT DATA

Connection Description Element Type
Local*

X-Position
(inch)

Local*
Y-Position

(inch)

Side sill beam 14 Beam (Type 2) 0.000 -23.200

23 Beam (Type 2) 0.000 -23.200

Front truck anchor
connection 19 Nonlinear spring

(Type 4)

252.000 -48.800

Rear truck anchor
connection 24 Nonlinear spring

(Type 4)

-252.000 -48.800

Mass 8 - Rear Body Mass

Roof sill beam 22 Beam (Type 1) 0.000 80.440

Side sill beam 23 Beam (Type 2) 0.000 -20.956

Suspension attachment
at bolster 25 Linear spring

26 Nonlinear spring
Type 2)

53.183 -18.556

27 Nonlinear spring
(Type 3)

28 Nonlinear dashpot

Draw bar connection to

second car 29 Draft gear (Type 2) 3.303 -32.956

End sill/anticlimber 30 Anticlimber 3.303 -19.556

Mass 9 - Rear truck
assembly mass

Suspension attachment
at bolster 25 Linear spring - 0.630 12.750

26 Nonlinear spring
(Type 2)

27 Nonlinear spring
(Type 3)

28 Nonlinear dashpot

Truck anchor connection 24 Nonlinear spring
(Type 4)

20.370 0.000

Front wheel-rail
interaction 31 Wheel-rail (Type 1) 40.370 - 4.000

Rear wheel-rail
interaction 32 Wheel-rail (Type 1) -41.630 - 4.000

Angle
(deg)

180.

61



CONNECTION POINT DATA

Local Local
Connection Description Element Type X-Position Y-Position

(inch) (inch)

Car 2

• Mass 10 - Front Body Mass

Draw bar connection to

first car 29 Draft gear (Type 2) - 3.303 -32.956

End sill/anticlimber 30 Anticlimber - 3.303 -19.556

Roof sill beam 33 Beam (Type 1) 0.000 80.444

Side sill beam 34 Beam (Type 2) 0.000 -20.956

Suspension attachment
at bolster 35 Linear spring -53.183 -18.556

36 Nonlinear spring
(Type 2)

37 Nonlinear spring
(Type 3)

38 Nonlinear dashpot

Mass 11 - Front Truck
Assembly Mass

Suspension attachment
at bolster 35 Linear spring 0.630 12.750

36 Nonlinear spring
(Type 2)

37 Nonlinear spring
(Type 3)

38 Nonlinear dashpot

Truck anchor connection 39 Nonlinear spring
(Type 4)

-20.370 0.000

Front wheel-rail
interaction 40 Wheel-rail (Type 1) 41.630 - 4.000

Rear wheel-rail
interaction 41 Wheel-rail (Type 1) -40.370 - 4.000

Mass 12 - Center Body Mass

Roof sill beam 33 Beam (Type 1) 0.000 78.200

Side sill beam
42

34

Beam (Type 1)

Beam (Type 2)

0.000
0.000

78.200
-23.200

43 Beam (Type 2) 0.000 -23.200

Angle
(deg)
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CONNECTION POINT DATA

Connection Description Element Type
Local *

X-Position
(inch)

Local*
Y-Position

(inch)

Front truck anchor
connection 39 Nonlinear spring

(Type 4)

252.000 -48.800

Rear truck anchor
connection 44 Nonlinear spring

(Type 4)

-252.000 -48.800

Mass 13 - Rear Body Mass

Roof sill beam 42 Beam (Type 1) 0.000 80.444

Side sill beam 43 Beam (Type 2) 0.000 -20.956

Suspension attachment
at bolster 45 Linear spring - 53.180 -18.556

46 Nonlinear spring
(Type 2)

47 Nonlinear spring
(Type 3)

48 Nonlinear dashpot

Draw bar connection to

third car 49 Draft gear (Type 2) 3.300 -32.956

End sill/anticlimber 50 Anticlimber 3.300 -19.556

Mass 14 - Rear Truck
Assembly Mass

Suspension attachment
at bolster 45 Linear spring - 0.630 12.750

46 Nonlinear spring
(Type 2)

47 Nonlinear spring
(Type 3)

48 Nonlinear dashpot

Truck anchor connection 44 Nonlinear spring
(Type 4)

20.370 0.000

Front wheel-rail
interaction 51 Wheel-rail (Type 1) 40.370 - 4.000

Rear wheel-rail
interaction 52 Wheel-rail (Type 1) -41.630 - 4.000

Angle
(deg)

180.
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CONNECTION POINT DATA

Local* Local*
Connection Description Element Type X-Position Y-Position Angle

(inch) (inch) (deg)

Car 3

• Mass 15 - Car Mass

Drawbar connection to

car 2 49 Draft gear (Type 2) 355.900 -14.440

Drawbar connection to

car 4 53 Draft gear (Type 2) -355.900 -14.440

Front end sill/anticlimber 50 Anticlimber 355.900 - 1.040 0 .

Rear end sill/anticlimber 54 Anticlimber
9

-355.900 - 1.040 180.

Front wheel-rail
interaction 55 Wheel-rail (Type 2) 306.000 -32.040

Rear wheel-rail
interaction 56 Wheel-rail (Type 2) -306.000 -32.040

Car 4

Mass 16 - Car Mass

Drawbar connection to

car 3 53 Draft gear (Type 2) 355.900 -14.440

Front end sill/anticlimber 54 Anticlimber 355.900 - 1.040 0 .

Front wheel-rail
interaction 57 Wheel-rail (Type 2) 306.000 -32.040

Rear wheel-rail
interaction 58 Wheel-rail (Type 2) -306.000 -32.040

Car 5

Mass 17 - Coupler End Mass

Coupling between coupler
faces 1 Coupler end - 7.350 0.000 180.

Pin between coupler end
and draft gear yoke 59 Pin joint 8.700 0.000

Coupler leveler spring 60 Special spring (Type 1) 8.150 - 6.300

Interference between
coupler end and underside
of end sill 61 Special spring (Type 2)- 8.000 5.800

64



CONNECTION POINT DATA

Local* Local*
Connection Description Element Type X-Position Y-Position

(inch) (inch)

• Mass 18 - Draft Gear Yoke Mass

Pin between coupler end
and draft gear yoke 59 Pin joint - 8.350 0.000

Coupler leveler spring 60 Special spring (Type 1) - 7.650 - 6.300

Draft gear connection 62 Draft gear (Type 1) 0.000 0.000

63 Slider joint 0.000 0.000

Mass 19 - Draft Gear Housing Mass

Draft gear connection 62 Draft gear (Type 1) 0.000 0.000

63 Slider joint 0.000 0.000

Rail slider connection
to end sill 64 Nonlinear spring

(Type 1)

-18.000 5.300

Drawbar and draft pocket
assembly connection to

car body 65 Tapered beam 0.000 0.000

Mass 20 - Front Car End Mass

Drawbar and draft pocket
assembly connection to

car body 65 Tapered beam 15.750 - -28.070

Rail slider connection
to end sill 64 Nonlinear spring

(Type 1)

-22.250 -19.770

Interference between coupler
end and underside of end
sill 61 Special spring (Type 2) -42.350 -11.670

End sill/anticlimber 9 Anticlimber 15.750 -14.670

Roof sill beam 66 Beam (Type 1) 0.000 , 85.330

Side sill beam 67 Beam (Type 2) 0.000 -16.070

Draft sill beam 68 Beam (Type 3) 15.750 -16.070

Mass 21 - Front Mass over Body Bolster

Roof sill beam 66 Beam (Type 1) 0.000 67.520

Roof sill beam 69 Beam (Type 1) 0.000 67.520

Side sill beam 67 Beam (Type 2) 0.000 -33.880

Side sill beam 70 Beam (Type 2) 0.000 -33.880

Draft sill beam 68 Beam (Type 3) 0.000 -33.880

Angle
(deg)

180.
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CONNECTION POINT DATA

Local* Local*
Connection Description Element Type X-Position Y-Position Angle

(inch) (inch) (deg)

Suspension attachment
at bolster 71 Linear spring 0.000 -31.480

72 Nonlinear spring (Type 2)

73 Nonlinear spring (Type 3)

74 Nonlinear dashpot

Mass 22 - Front Truck Assembly Mass

Suspension attachment
at bolster 71 Linear spring - 0.630 12.750

72 Nonlinear spring (Type 2)

73 Nonlinear spring (Type 3)

74 Nonlinear dashpot

Truck anchor connection 75 Nonlinear spring
(Type 4)

20.370 0.000

Front wheel-rail
interaction 76 Wheel-rail (Type 1) -41.630 - 4.000

Rear wheel-rail
interaction 77 Wheel-rail (Type 1) 40.370 - 4.000

Mass 23 - Center Body Mass

Roof sill beam 69 Beam (Type 1) 0.000 75.290

78 Beam (Type 1) 0.000 75.290

Side sill beam 70 Beam (Type 2) 0.000 -26.110

79 Beam (Type 2) 0.000 -26.110

Front truck anchor
connection 75 Nonlinear spring

(Type 4)

-252.000 -51.710

Rear truck anchor
connection 80 Nonlinear spring

(Type 4)

252.000 -51.710

Car 5

Mass 24 - Rear Body Mass

Roof sill beam 78 Beam (Type 1) 0.000 79.205

Side sill beam 79 Beam (Type 2) 0.000 -22.195

Suspension attachment
at bolster 81 Linear spring -51.620 -19.795

82 Nonlinear spring (Type 2)
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CONNECTION POINT DATA

Local* Local*
Connection Description Element Type X-Position Y-Position Angle

(inch) (inch) (deg)

83 Nonlinear spring (Type 3)

84 Nonlinear dashpot

Drawbar connection to

second car 85 Draft gear (Type 2) - 1.740 -33.195

End sill/anticlimber 86 Anticlimber - 1.740 -19.295 0.

• Mass 25 - Rear Truck Assembly Mass

Suspension attachment at

bolster 81 Linear spring 0.630 12.750

82 Nonlinear spring (Type 2)

83 Nonlinear spring (Type 3)

84 Nonlinear dashpot

Truck anchor connection 80 Nonlinear spring -20.370 0.000

Front wheel-rail
(Type 4)

interaction 87 Wheel-rail (Type 1) -40.370 - 4.000

Rear wheel-rail
interaction 88 Wheel-rail (Type 1) 41.630 - 4.000

Car 6

• Mass 26 - Car Body Mass

Drawbar connection to

car 5 85 Draft gear (Type 2) -355.900 -37.000

Front end sill/anticlimber 86 Anticlimber -355.900 -23.600 180.

Front suspension attachment
at bolster 89 Linear spring -306.000 -22.600

90 Nonlinear spring -306.000 -22.600
(Type 2)

91 Nonlinear spring -306.000 -22.600
(Type 3)

92 Nonlinear dashpot -306.000 -22.600

Rear suspension attachment
at bolster 93 Linear spring 306.000 -22.600

94 Nonlinear spring 306.000 -22.600
(Type 2)

95 Nonlinear spring 306.000 -22.600
(Type 3)

96 Nonlinear dashpot 306.000 -22.600
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TABLE 5 (Concluded)

CONNECTION POINT DATA

Connection Description Element Type

Local*
X-Position

(inch)

Local*
Y-Position

(inch)

Angle
(deg)

Front truck anchor
connection

Rear truck anchor
connection

97

98

Nonlinear spring
(Type 4)

Nonlinear spring
(Type 4)

-252.000

252.000

-50.600

-50.600

• Mass 27 - Front Truck Assembly Mass

Suspension attachment at

bolster 89 Linear spring - 0.630 12.750

90 Nonlinear spring
(Type 2)

- 0.630 12.750

91 Nonlinear spring
(Type 3)

- 0.630 12.750

92 Nonlinear dashpot - 0.630 12.750

Front truck anchor
connection 97 Nonlinear spring

(Type 4)

20.370 0.000

Front wheel-rail
interaction 99 Wheel-rail (Type 1) - 41.630 - 4.000

Rear wheel-rail
interaction 100 Wheel-rail (Type 1) 40.370 - 4.000

• Mass 28 - Rear Truck Assembly Mass

Suspension attachment at

bolster 93 Linear spring 0.630 12.750

94 Nonlinear spring
(Type 2)

0.630 12.750

95 Nonlinear spring
(Type 3)

0.630 12.750

96 Nonlinear dashpot 0.630 12.750

Rear truck anchor
connection 98 Nonlinear spring

(Type 4)

- 20.370 0.000

Front wheel-rail
interaction 101 Wheel-rail (Type 1) - 40.370 - 4.000

Rear wheel-rail
interaction 102 Wheel-rail (Type 1) 41.630 - 4.000
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TABLE 6. -PHYSICAL PROPERTIES OF ELEMENTS.

Linear Spring

spring constant

free length

fracture load

3,110.00

21.04

0.00

Elastic-Plastic Beam (Type 1)

elastic modulus

plastic modulus

yield point stress

ultimate stress

number of section blocks defining
beam cross section

- height of section 1

sections numbered from top to bottom

w^ - width of section 1

number of equal height divisions of
cross section 1 for stress-force calculation

x damping constant

y damping constant

angular damping constant

Elastic Plastic Beam (Type 2)

elastic modulus

plastic modulus

yield point stress

ultimate stress

number of section blocks defining
beam cross section

h]_ - height of section 1

sections numbered from top to bottom

w^ - width of section 1

number of equal height divisions of cross
section 1 for stress-force calculation

x damping constant

y damping constant

angular damping constant

10
,
000

,
000 .

20
,
000 .

60,000.

100,000.

1 .

19.550

0.

676

1 .

2,500.

200 .

20 .

10
,
000

,
000 .

20
,
000 .

60,000.

100
,
000 .

1 .

9.790

2.082

1 .

5,500.

200 .

30.
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TABLE 6 (Continued)

Elastic Plastic Beam (Type 3)

elastic modulus

plastic modulus

yield point stress

ultimate stress

number of section blocks defining
beam cross section

h]_ - height of section 1
sections numbered from top to bottom

W]_ - width of section 1

number of equal height divisions of cross
section 1 for stress-force calculation

x damping constant

y damping constant

angular damping constant

Pin Joint

friction parameter (pR)

Slider Joint

slider length

slider width

coefficient of friction

30,000,000.

180,000.

100
,
000 .

200
,
000 .

1 .

10.360

0.

776

1 .

7,800.

200 .

40.

0.300

10.00

1.00

0.01

Type 3 Draft Gear (Type 1)

draft gear spring constant 24,000.

draft gear spring travel 1.250

spring constant after draft gear
bottoming out 320,000.

draft gear hysteresis load 10,000.

shear pin fracture load 150,000.

postshear free travel 1.375

fracture load 250,000.

drag load 30.
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Type 3 Draft Gear (Type 2)

draft gear spring constant

draft gear spring travel

spring constant after draft gear
bottoming out

draft gear hysteresis load

shear pin fracture load

postshear free travel

fracture load

drag load

Type 3 Coupler End Element

vertical coupler spring constant, end k

horizontal coupler spring constant, end k

free length, end k

coupler height, end k

vertical coupler slack, end k

vertical coupler spring constant, end 1

horizontal coupler spring constant, end 1

free length, end 1

coupler height, end 1

vertical coupler slack, end 1

coefficient of friction

total coupler horizontal slack

initial coupler misalignment

Type 1 Anticlimber

vertical elastic spring constant, end k

vertical plastic spring constant, end k

vertical yield deflection, end k

vertical rupture deflection, end k

horizontal elastic spring constant, end k

horizontal plastic spring constant, end k

horizontal yield deflection, end k

horizontal rupture deflection, end k

torsional elastic spring constant, end k

torsional plastic spring constant, end k

71

12
,
000 .

2.500

160,000.

10
,
000 .

150.000.

100 .

250.000.

30.

1 .

360,000.

1 .

12 .

0.

1 .

360,000.

1 .

12,300,000.

0 .

0.2

0 .

0 .

175,000.

1,633.

0.200

5.

4,450,000.

20,620.

0.053

56.

100 .

25.



torsional yield deflection, end k

torsional rupture deflection, end k

anticlimber height, end k

vertical elastic spring constant, end 1

vertical plastic spring constant, end 1

vertical yield deflection, end 1

vertical rupture deflection, end 1

horizontal elastic spring constant, end 1

horizontal plastic spring constant, end 1

horizontal yield deflection, end 1

horizontal rupture deflection, end 1

torsional elastic spring constant, end 1

torsional plastic spring constant, end 1

torsional yield deflection, end 1

torsional rupture deflection, end 1

anticlimber height, end 1

initial anticlimber misalignment

length of anticlimber, end k

length of anticlimber, end 1

0.001

1 .

6 .

175,000.

1,633.

0.200

5.

4,450,000.

20,620.

0.

053

56.

100 .

25.

0.001

1 .

6 .

1.500

58.125

58.125

Wheel-Rail Interaction (Type 1)

spring constant - deflection less than <5^ 3,234,000.

spring constant - deflection greater than 6^ 3,234,000.

5
L

5.

wheel radius 14.

damping constant 1,000.

coefficient of friction 0 .

rail global y intercept 0 .

rail angle 0 .
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Wheel-Rail Interaction (Type 2)

spring constant - deflection less than 6^

spring constant - deflection greater than 6^

wheel radius

damping constant

coefficient of friction

rail global y intercept

rail angle

Nonlinear Spring (Type 1)

compressive spring rate, compression
less than 6

c

compressive spring rate, compression
greater than

tensive spring rate, extension less
than 6

1

tensive spring rate, extension greater
than <$

t

6
c

5
t

free length

damping constant

6,468,000.

6,468,000.

5.

14.005

1
,
000 .

0 .

0 .

0 .

3,000,000.

3,000,000.

0.

0.

2 .

2.

3.

10 .

Nonlinear Spring (Type 2)

compressive spring rate, compression
less than 6

c
compressive spring rate, compression
greater than

tensive spring rate, extension less
than 6

tensive spring rate, extension greater
than 6

.

free length

damping constant

0.

30,000,000.

0.

30,000,000.

3.750

2.000

73
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Nonlinear Spring (Type 3)

compressive spring rate, compression
less than 6

c
compressive spring rate, compression
greater than 6

c
tensive spring rate, extension less
than 6

tensive spring rate, extension greater
than 6

free length

damping constant

Nonlinear Spring (Type 4 )

compressive spring rate, compression
less than 6

c

compressive spring rate, compression
greater than 5

c
tensive spring rate, extension less
than 6

1

tensive spring rate, extension greater
than 6

t

6
c

free length

damping constant

Nonlinear Dashpot

damping constant,
less than V

c
damping constant,
greater than V

c
damping constant,
less than V

damping constant,
greater than

compressive velocity-

compressive velocity

extension velocity

extension velocity

V.

0 .

26,890.

0 .

0 .

2.790

1.000

15.250

1,180.

500,000.

4,500,000.

500,000.

4,500,000.

.625

.625

33.

8
,
100 .

1,180.

173.

1,180.

173.

4.500

4.500
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TABLE 6 (Concluded)

Special Linear Spring

compressive spring constant,
less than S

c

compression
5,000.

compressive spring constant,
greater than

5
c

compression
30,000,000.

1.250

preload at zero deflection 1,250.

compressive fracture load 400,000.

free length 1.250

Special Linear Spring

compressive spring constant, compression
less than

c

compressive spring constant, compression
greater than

«c

preload at zero deflection

compressive fracture load

free length

Elastic Plastic Tapered Beam

elastic modulus

plastic modulus

yield point stress

ultimate stress

height of cross section, end k

width of cross section, end k

height of cross section, end 1

width of cross section, end 1

number of line division of cross section
for stress-force calculations

x damping constant

y damping constant

angular damping constant

0 .

175.000.

4.

0 .

700.000.

10 .

30,000,000.

180,000.

100,000.

200
,
000 .

3.273

2.830

5.475

1.827

2 .

4,820.

150.

20 .
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5. IITRAIN CODE LISTING

5.1 IITRAIN Subprograms

The IITRAIN computer code is composed of an executive program,

42 subprograms and a procedures definition processor (PDP) deck.

Table 9 is a list of these programs and their functions.

TABLE 9. -IITRAIN PROGRAMS

Program Function

STUFF PDP program defining dimensions for all arrays used
in IITRAIN

EXEC Executive program

START Controls restart feature

INPT Reads and echo prints input data

INIT Initializes all variables

INTG Controls integration procedure

FNSH Terminates calculations and saves data necessary
for further processing

HEAD Prints heading for motion and force output

COMOD Determines constants for combinations of nonlinear
springs

EULR Euler integration subroutine

FINT Controls calculation of internal forces

FEXT Controls calculation of external forces

ACCL Computes accelerations

OUTP Controls output of motions and forces

GRUP Computes accelerations for masses connected to
constraint elements

LSPR Computes internal forces for linear spring elements

LDSH Computes internal forces for linear dashpot elements

TRSP Computes internal forces for linear torsional spring
elements

TRDP Calculates internal forces for linear torsional
dashpot elements

BEAM Calculates internal forces for elastic-plastic
beam elements

STRS Calculates stresses in beam elements
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TABLE 9 • -IITRAIN PROGRAMS (Concl)

Program Function

PINN Calculates internal force data for pin element
connections

SLDR Calculates internal force data for slider element
connections

SPIN Calculates internal force data for sliding pin
element connections

DSLD Calculates internal force data for double slider
element connections

RIGD Calculates internal force data for rigid element
connections

CPL 1 Calculates internal forces for type 1 coupler elements

CPL 2 Calculates internal forces for type 2 coupler elements

DGSP Calculates internal forces for type 3 draft gear elements

END 3 Calculates internal forces for type 3 coupler end
elements

ACLMR 1 Calculates internal forces for anticlimber elements

TRILN Calculates force data for ACLMR 1

NLTS Calculates internal forces for nonlnear torsional
spring elements

WRIN Calculates internal forces for wheel-rail interaction
elements

NLSP Calculates internal forces for nonlinear spring elements

NLDS Calculates internal forces for nonlinear dashpot elements

SLSPR Calculates internal forces for special linear spring
elements

TAPB Calculates internal forces for elastic-plastic tapered
beam elements

RKIN Calculates rigid body motion data

LEQS Linear equation solver

MALG Performs matrix algebra

DOTP Forms dot-product

CRSP Forms cross-product

INTP Linear interpolation routine
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5.2 COMMON Storage Blocks

Tables 10 through 19 list the contents of the COMMON blocks

used in the IITRAIN program.

TABLE 10. -TIME COMMON BLOCK

Variable Definition

IM Integration method code

TD Integration time step

TF Final step

IS(I) Time step multiple for mass class I

TT Time

ITS Initial step time switch

TABLE 11.-STAT COMMON BLOCK

Variable Definition

XP(I) x position of c.g. of mass I

YP(I) y position of c.g. of mass I

AP( I) Angular position of mass I

XV(I) x velocity of c.g. of mass I

YV( I

)

y velocity of c.g. of mass I

AV( I

)

Angular velocity of mass I

XA( I

)

x acceleration of c.g. of mass I

YA( I

)

y acceleration of c.g. of mass I

AA( I

)

Angular acceleration of mass I
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TABLE 12. -MASS COMMON BLOCK

Variable Definition

IN Number of masses

II ( I

)

Integration time step class for mass I

IF ( I , J

)

Fixity for mass I (see input format)

WT( I) Weight of mass I

RI(I) Rotational inertia about c.g. for mass I

FA ( I

)

Fixity angle for mass I (see input format)

FF( I , J) Fixity parameters for mass I

TABLE 13.-ELEM COMMON BLOCK

Variable Definition

IE Number of elements

IT ( I

)

Element type for element I

ID ( I

)

Physical parameter identification for element I

IA( I , J) Identification of masses connected to element I

IP(I, J,K) Attachment points on masses connected to element I

PP(I, J,K) Physical parameter set J for element type K

TABLE 14. -CONN COMMON BLOCK

Variable Definition

IC(I) Number of contact points on mass I

XC(I, J) x coordinate of contact point J on mass I

YC ( I , J) y coordinate of contact point J on mass I

AC ( I , J

)

Angle associated with contact point J on mass I
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TABLE 15. -GRAY COMMON BLOCK

Variable Definition

GA Track elevation angle

GG Acceleration due to gravity

FG( I , J) Components of weight vector for mass I

TABLE 16. -WRITE COMMON BLOCK

Variable Definition

IW Counter for output

NM Number of motion outputs

NF Number of force outputs

IWW Number of time steps per printout

IW 1 Counter for output

JI(I) Mass identification for motion output I

JJ(I) Point identification for motion output I

JTY(I) Type of motion required for motion output I

JDR(I) Direction for motion output I

KE(I) Element identification for force output I

KI(I) Mass identification for force output I

KJ(I) Point identification for force output I

KDR(I) Direction for force output I

TABLE 17.-F0RC COMMON BLOCK

Variable Definition

FI(I,J,K) Internal force acting on mass I from element J in K

FE( I , J)

F( I , J)

direction

External force acting on mass I in J direction

Total force acting on mass I in J direction
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TABLE 1 8 . -SAVE COMMON BLOCK

Variable Definition

SAVE(I, J) Save parameter for element J

TABLE 19. -PAIR COMMON BLOCK

Variable Definition

NG

NP

MP ( I , J)

MG ( I , J

)

NMG( I)

MI(I, J)

MJ(I, J,K)

MK(I, J)

ML ( I , J , K

)

Number of groups of constraint masses

Number of pairs of constraint masses

Mass identification for mass pair I

Group identification

Number of masses in group I

Counter for constraint element calculations

Counter for constraint element calculations

Counter for constraint element calculations

Counter for constraint element calculations
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5.3 Program Listings
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